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ABUNDANCE OF CETACEANS IN CALIFORNIA WATERS 
BASED ON 1991 AND 1993 SHIP SURVEYS 

Jay Barlow and Tim Gerrodette 
Southwest Fisheries Science Center 
National Marine Fisheries Service 
P.O. Box 271, La Jolla CA 92038 

ABSTRACT 

Ship surveys were conducted in summerlfall of 1991 and 1993 to estimate the abundance of 
cetaceans in the waters off California (between the coast and about 300nmi offshore). Line-transect 
methods were used from a 53 m research vessel. Approximately 8,800 nmi of transects were 
completed when sea states were Beaufort 5 or less. The estimated abundances and coefficients of 
variation (in parentheses) of the most common cetacean species are: 372,000 (0.22) short-beaked 
common dolphins (Delphinus delphis), 8,980 (0.64) long-beaked common dolphins (Delphinus 
capensis), 24,900 (0.3 1) striped dolphins (Stenella coeruleoalba), 1 1,200 (0.36) Pacific white-sided 
dolphins (Lanenorhynchus oblisuidens), 8,980 (0.50) northern right whale dolphins (Lissodelphis 
borealis), 47,700 (0.40) Dall's porpoise (Phocoenoides m), 1,850 (0.50) bottlenose dolphins 
(Tursiops truncatus), 10,700 (0.4 1) Risso's dolphins (Grampus griseus), 1,000 (0.37) short-finned 
pilot whales, 747 (0.71) killer whales (Orcinus orca), 1,220 (0.39) sperm whales (Physeter 
macrocephalus), 380 (0.52) Baird's beaked whales (Berardius bairdii), 933 (0.27) fin whales 
(Balaenoptera physalus), 1,720 (0.22) blue whales (Balaenoptera musculus), 577 (0.3 1) humpback 
whales (Megapteiz novaeandiae), 3,145 (0.54) pygmy sperm whales (Kogia breviceps), 9,160 (0.52) 
Cuvier's beaked whzles (Ziphius cavirostris), 2,106 (0.79) mesoplodont beaked whales (Mesoplodon 
spp.) and 201 (0.65) minke whales (Balaenoptera acutorostrata). Estimates are also made for 
various other species which could only be identified to higher-level taxa. 

INTRODUCTION 

The abundance of cetaceans in California waters has been estimated recently using ship and 
aerial line-transect surveys. The aerial surveys (Forney et al. 1995) covered waters out to 100-150 
nmi in winter/spring of 1991 and 1992, and the ship surveys (Barlow 1995) covered waters out to 
300 nmi in summer/fall 1991. Since those surveys, another cetacean ship survey was conducted off 
California out to 300 nmi offshore (in summer/fall 1993, Mangels and Gerrodette 1994). The 1993 
survey also covered areas off Baja California and in the Gulf of California; however, the number 
of transect miles off California was less than in 199 1. Given that the number of sightings in 199 1 
was only marginally adequate for estimating the California abundance of many species, data from 
1993 alone are even less adequate. In this paper we combine the data from 1991 and 1993 to obtain 
better estimates of the summedfall abundance of cetaceans in California waters between the coast 
and 300 nmi offshore. 
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METHODS 
Field Methods 

Similar line-transect methods were used to collect abundance data in both 1991 and 1993. 
During both years, scientists aboard the 53 m NOAA research vessel McARTHUR surveyed along 
uniformly placed, pre-determined transect lines (which differed between years). [In 1993 a small 
amount of survey effort was also conducted using a second vessel, the DAVID STARR JORDAN, of 
similar length and observation height.] The vessel traveIed at 10 knots while a team of three 
observers searched for marine mammals: two using 25x pedestal-mounted binoculars and the third 
using unaided eyes and 7x binoculars. The third observer also recorded sighting and search-effort 
data on a computer system. Additional details about survey methods are given by Hill and Barlow 
(1992), Mangels and Gerrodette (1994), and Barlow (1995). 

Small beaked whales of the genera Ziphius and Mesoplodon are notoriously difficult to 
differentiate in the field. Previous analyses of the 199 1 survey used only those identifications that 
were certain, which left a large fraction (41%) of “unidentified beaked whales”. In the present 
analyses, we prorate the “unidentified beaked whales” to one of these two genera if the written 
account of the sighting indicated that it was “probably” one genus or if the estimated lengths of the 
largest individuals in a group fell within the range of adults of one genus and not the other [we use 
5.5m as the dividing point between the likely lengths of Ziphius (>5.5m) and Mesoplodon (<5.5m)]. 
Of the 18 sightings of “unidentified beaked whales” on surveys in 1991 and 1993, all but two 
provided sufficient information to assign them to probable categories of Ziphius or Mesoplodon and 
are treated as such in this report. 

Analytical Methods 
To facilitate direct comparisons with the results of the 1991 survey (Barlow 1995), the same 

analytical approach is used here to estimate marine mammal abundance from the pooled 199 1/93 
data. Density is estimated separately in group-size strata to avoid size bias (Buckland et al. 1993, 
p. 77). The same group size strata are used as were used by Barlow (1995). The usual line-transect 
formula is used to estimate density, D, , for species j within group-size stratum i: 

where 

Dij = 

number of sightings, 
mean group size, 
sighting probability density at zero 

length of transect line completed, and 
probability of seeing a group directly 

species group to which species j belongs. 

perpendicular distance, 

on the trackline, 

To estimate f(0) and g(0), species are pooled into k=5 groups which share similar sighting 
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characteristics: small delphinids, large delphinids, cryptic species, small whales, and large whales 
(Table 1). These are the same species groups used in analysis of 1991 survey data (Barlow 1995) 
except for two species that were seen only in 1993: the short-finned pilot whale was added to the 
large delphinid group and Blainville’s beaked whale was added to the small whale group. Values 
of g(0)  for these species groups are taken from Barlow (1995) and Barlow and Sexton (in press). 
The total abundance for speciesj , (N]), is estimated as the sum of the densities in all s strata times 
the size of the study area, A = 238,100 nmi2, 

S 

N .  = A D, 
I 

i = l  

Because they are more difficult to detect in rough seas, abundance estimation for small whales and 
cryptic species are limited to transects that were completed in Beaufort sea states of 0 through 2; 
abundance estimates for small delphinids, large delphinids and large whales included data collected 
in Beaufort sea states of 0 through 5. 

There are several differences in the analytical methods used in this paper compared to Barlow 
et al. (1995). A major difference is that a variety of line-transect models were investigated for 
estimatingf(0) and the best model was chosen using the Akaike Information Criterion in program 
DISTANCE (Laake et al. 1994). These models included hazard-rate and half-normal key functions 
with cosine adjustments (Buckland et al. 1993). Barlow (1995) only used the hazard-rate model. 
Another difference is that the coefficients of variation (CVs) in densities are estimated as the square 
root of the sum of the squared CVs of the variable components in Equation 1. The CVs of the 
encounter rate (n ’ S / L) are estimated by breaking the effort into 75 nmi segments of effort and 
empirically estimating the variance among segments. The CVs of f (0)  are estimated analytically 
using the information matrix approach. The CVs of g(0) are taken from Barlow (1995) and Barlow 
and Sexton (in press). The bootstrap approach used by Barlow (1995) produced similar estimates 
but was unnecessarily computer-intensive and time-consuming. Another difference is that Barlow 
(1995) used bias-corrected group size estimates for some observers (who were calibrated against 
relatively unbiased observers); these bias-correction factors have not been developed yet for the 
1993 survey and are not used for the analyses presented here. Finally, a new approach has been 
developed for estimating g(0) for long-diving whales (Barlow and Sexton, in press), and values of 
g ( 0 )  for sperm whales, dwarf and pygmy sperm whales, Cuvier’s beaked whales, mesoplodont 
beaked whales are taken from that paper. 

RESULTS 

Both the 1991 and 1993 surveys uniformly covered the study area (Figs. 1 and 2, 
respectively). A total of 8,826 nmi was surveyed in Beaufort sea states of 5 or less, and 2,039 nmi 
were surveyed in Beaufort 2 or less. For most species, the encounter rates (numbers of groups seen 
per 1000 nmi and numbers of individuals seen per 1000 nmi) were quite similar between years 
(Table 2). The most notable change during this time period was an apparent increase in the 
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encounter rates of warm-temperate and tropical delphinoids (short-beaked and long-beaked common 
dolphins and striped dolphins) and an apparent decrease in cold-temperate delphinoids (Dall’s 
porpoise, northern right whale dolphins, and Pacific white-sided dolphins). The encounter rates of 
many large whales (sperm whales, Baird’s beaked whales, fin whales, blue whales, and humpback 
whales) also increased from 1991 to 1993. 

The estimated effective search widths (ESW, llf((0) ) were also quite similar when comparing 
previous estimates for 1991 (Barlow 1995) with new estimates for 1991 and 1993 pooled (Table 3). 
The best fits were obtained with the hazard-rate model (with no cosine terms) for cryptic species and 
small delphinids and with the half-normallcosine model for small whales, large whales, and large 
delphinids. The most notable changes were a decrease in ESW for large groups of small delphinids 
(from 3.4km to 1.9km), a decrease in ESW for small groups of large delphinids (from 2.0km to 
l.lkm), and an increase in ESW for small whale species (from 1 . 6 h  to 2.7km). Although the 
magnitude of some of these changes is large, none of these changes can be viewed as unexpected 
given the estimation error (coefficients of variation) for these parameters (Table 3). 

Overall estimates of cetacean abundance based on 1991 and 1993 pooled (Table 4) are 
generally similar to estimates based on 1991 alone (Barlow 1995). The most notable changes are 
a greater estimated abundance of short-beaked common dolphins (226,000 vs. 372,000), a lesser 
abundance of Dall’s porpoise (78,000 vs. 48,000), and a greater abundance of Baird’s beaked whales 
(38 vs. 380). Also, there were no short-finned pilot whales or Blainville’s beaked whales identified 
during the 1991 survey, but their 1991/93 abundances are now estimated as approximately 1,000 
and 728 (respectively) based only on sightings made in 1993. 

DISCUSSION 

With the adition of 1993 data, the new cetacean abundance estimates for California (Table 
4) differ from previous estimates. These differences are, in some cases, substantial. Short-beaked 
common dolphin abundance is now 1.6 times more than previously estimated (Barlow 1995). Dall’s 
porpoise abundance is now 1.6 times less than previously estimated. The new Baird’s beaked whale 
abundance estimate is 10 times greater than the previous estimate. Short-finned pilot whales were 
not seen at all in 1991 (making a de facto estimate of zero) and are now estimated to include 1,000 
individuals. Although some of these differences are large, with the exception of Baird’s beaked 
whales and short-finned pilot whales, all the new estimates are within the 95% confidence intervals 
of the previous estimates. Because the new estimates are based on data which were also used to 
make the old estimates, a rigorous statistical comparison is not possible; however, the wide 
confidence intervals do indicate that such large difference can be expected given the statistical 
sampling and estimation errors that would be expected from these types of data. Nonetheless, it may 
be informative to look for the reasons why some of the differences are as large as they are. 

Estimates off(0) changed substantially for several of the species groups. The increase inf(0) 
for large groups of small delphinids (Table 3) certainly contributed to the increase in the estimated 
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abundance of short-beaked common dolphins and striped dolphins, both of which commonly occur 
in large groups. However, this does not explain all of the increase. Encounter rates for short-beaked 
common dolphins and striped dolphins also increased from 1991 to 1993 (Table 2). The apparent 
decrease in the estimated abundance of cold-temperate delphinoids was also reflected in decreased 
encounter rates of these species (Pacific white-sided dolphins, northern right whale dolphins, and 
Dall’s porpoise). Because there were correlated increases in warm-temperate/tropical delphinoids 
and correlated decreases in cold-temperate delphinoids, part of the difference between the pooled 
1991/93 estimates and the 1991 estimates could be explained by shifts in the distributions of these 
species cause by year-to-year variation in oceanographic conditions. 

Similarly, the increase in the apparent abundance of short-finned pilot whales may also have 
been the result of a real increase in their abundance caused by a shift in their distribution. An 
increase was also seen in the frequency that short-finned pilot whales were caught in drift gillnets 
off California; only one was observed caught in gillnets in 199 1 and 1992 combined, but 11 were 
observed in 1993 alone (Barlow et al. 1994). This provides additional evidence that pilot whale 
abundance may have increased. The actual number of sightings is, however, so low (0 in 1991 and 
4 in 1993) that the apparent change could be explained entirely as a statistical artifact. 

The general increase in the estimated abundance of small beaked whales is the net result of 
increases in some parameters and decreases in others. The effective search width for small whales 
increased from 1.6 to 2.7km (Table 3) with the addition of more sightings. The new estimate offlo) 
is considerably more precise (CV=O. 16) than the previous estimate (CV=0.48), consequently the 
abundance estimates for these species are also more precise (Table 4). The values of g(0) used in 
the present analysis are much lower than previous values because previous values only include 
perception bias (Marsh and Sinclair 1989) and the more recent values also include availability bias 
(which is a particular concern for long-diving species). Encounter rates did not change much 
between 1991 and 1993; therefore the increase in estimated abundance is probably not real but, 
rather, is caused by changes (improvements) in methods of analyses. 

The large change in the estimated abundance of Baird’s beaked whales from 38 based on 
1991 data to 380 based on 1991193 data, is almost entirely due to changes in the observed encounter 
rate. Only one group was seen in 1991 (although 2 other groups were seen while “off-effort”) 
compared to 4 groups in 1993. Clearly, this difference could be explained by sampling error. Most 
groups of Baird’s beaked whales are greater than 3 individuals, and the estimates off(0) for such 
large groups of large whales did not change appreciable from previous estimates (Table 3). 

h generd, the differences between abundance estimates presented here (Table 4) and those 
presented earlier (Barlow 1995) can be explained entirely by sampling variability and estimation 
error. It is likely, however, that some of these differences are caused by real changes in abundance 

ce between these years, we do not mean to imply that 
abundance was the same in both years or that differences were not real; rather, we are simply 
estimating the mean number present over the period from 1991 to 1993. Another survey planned 
for summer/fall 1996 may help resolve whether the patterns o€ changes observer here have continued 

em I991 and 1993. By pooling ab 
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since 1993. 
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Table 1. Species groups used in estimatingf(0) and g(0). 
-~ 

Species Group 
Species 

Small Delphinids 
short-beaked common dolphin (Delphinus delphis) 
long-beaked common dolphin (Delphinus capensis) 
unclassified common dolphin (Delphinus delphis) 
striped dolphin (Stenella coeruleoalba) 
Pacific white-sided dolphin (Lagenorhvnchus obliquidens) 
northern right whale dolphin (Lissodelphis borealis) 
unidentified delphinoid 

harbor porpoise (Phocoena phocoena) 
Dall's porpoise (Phocoenoides dalll) 
pygmy sperm whale (Kogia breviceps) 
Pygmy or dwarf sperm whale (Koaia breviceps or simus) 

bottlenose dolphin (Tursiops truncatus) 
Risso's dolphin (Grampus griseus) 
S hort-finned pilot whale (Globicephala macrorhynchus) 
killer whale (Orcinus orca) 

unidentified beaked whale 
mesoplodont beaked whale (Mesopfodon spp.) 
Blainville' s beaked whale (Mesoplodon densirostris) 
Cuvier's beaked whale (Ziphius cavirostris) 
minke whale (Balaenoptera acutorostrata) 
unidentified small whale 
unidentified cetacean 

sperm whale (Phvseter macrocephalus) 
Bairds beaked whale (Berardius bairdii) 
Bryde's whale (Balaenoptera edeni) 
Bryde's or sei whale (Balaenoptera edenihorealis) 
fin whale (Balaenoptera phvsalus) 
blue whale (Balaenoptera musculus) 
humpback whale (Megaptera novaeangliae) 
unidentified baleen whale 
unidentified large whale 

Cryptic Species 

Large Delphinids 

Small Whales 

Large Whales 
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Table 2. Comparison of encounter rates of groups (n/L) and individuals (n.S/L) for species seen 
during 1991 and 1993 surveys of California waters. Coefficients of variation (CVs) are based on the 
variance in encounter rates measured in consecutive 75 nmi segments of survey effort. 

cv cv 
Number Groups Groups Animals Animals 

n 1000nmi 1000nmi 1000nmi 1000nmi 
Groups per per per pey 

short-beaked common dolphin 
1991 Survey 
1993 Survey 

long-beaked common dolphin 
1991 Survey 
1993 Survey 

striped dolphin 
1991 Survey 
1993 Survey 

Pacific white-sided dolphin 
1991 Survey 
1993 Survey 

norihern right whale dolphin 
1991 Survey 
1993 Survey 

unidentified delphinoid 
1991 Survey 
1993 Survey 

bottlenose dolphin 
1991 Survey 
1993 Survey 

Risso's dolphin 
1991 Survey 
1993 Survey 

short-finned pilot whale 
1991 Survey 
1993 Survey 

killer whale 
1991 Survey 
1993 Survey 

harbor porpoise 
1991 Survey 
1993 Survey 

Dall's porpoise 
1991 Survey 
1993 Survey 

pygmy or dwarf sperm whale 
1991 Survey 
1993 Survey 

unidentified beaked whale 
1991 Survey 
1993 Survey 

mesoplodont beaked whales 
1991 Survey 
1993 Survey 

Cuvier's beaked whale 
1991 Survey 
1993 Survey 

122 
106 

6 
2 

24 
18 

12 
8 

16 
8 

21 
24 

16 
5 

28 
17 

0 
4 

5 
2 

32 
3 

96 
13 

3 
2 

0 
2 

6 
6 

18 
12 

22 5 
31 1 

1 1  
0 6  

4 4  
5 3  

2 2  
2 3  

3 0  
2 3  

3 9  
7 0  

3 0  
1 5  

5 2  
5 0  

0 0  
1 2  

0 9  
0 6  

5 9  
0 9  

17 7 
3 8  

0 6  
0 6  

0 0  
0 6  

11 
1 5  

3 3  
3 5  

0 166 
0 181 

0 698 
0 999 

0 252 
0 286 

0 439 
0 448 

0 399 
0 369 

0 261 
0 266 

0 427 
0 513 

0 279 
0 328 

0 601 

0 488 
0 700 

0 544 
0 561 

0 316 
0 404 

0 697 
1 000 

0 992 

0 394 
0 409 

0 321 
0 310 

2136 
5015 

181 
129 

193 
304 

54 
32 

47 
33 

13 
229 

23 
25 

100 
91 

0 
16 

4 
4 

26 
1 

65 
16 

1 
1 

0 
1 

2 
5 

7 
6 

0 214 
0 232 

0 798 
1064 

0 359 
0 470 

0 516 
0 579 

0 553 
0 477 

0 312 
0 456 

0 478 
0 687 

0 352 
0 441 

0 641 

0 526 
0 771 

0 716 
0 596 

0 331 
0 469 

0 716 
1000 

1046 

0 420 
0 499 

0 332 
0 340 
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Number Groups Groups Animals Animals 

minke whale 
1991 Survey 
1993 Survey 

unidentified small whale 
1991 Survey 
1993 Survey 

unidentified cetacean 
1991 Survey 
1993 Survey 

sperm whale 
1991 Survey 
1993 Survey 

Bairds beaked whale 
1991 Survey 
1993 Survey 

Bryde's or sei whale 
1991 Survey 
1993 Survey 

fin whale 
1991 Survey 
1993 Survey 

blue whale 
1991 Survey 
1993 Survey 

humpback whale 
1991 Survey 
1993 Survey 

unidentified baleen whale 
1991 Survey 
1993 Survey 

unidentified large whale 
1991 Survey 
1993 Suntey 

unidentified whale 
1991 Survey 
1993 Survey 

baleen whale total 
1991 Survey 
1993 Survey 

tropical delphinoids 
1991 Survey 
1993 Survey 

temperate delphinoids 
1991 Survey 
1993 Survey 

baleen whales w/ minke's 
1991 Survey 
1993 Survey 

Groups per per per per 
n IOOOnmi 1000nmi 1000nmi 1000nmi 

4 
0 

11 
8 

8 
5 

13 
15 

1 
4 

3 
2 

23 
32 

50 
46 

13 
17 

9 
15 

22 
11 

1 
1 

98 
112 

162 
133 

124 
29 

102 
712 

0 7  
0 0  

2 0  
2 3  

1 5  
1 5  

2 4  
4 4  

0 2  
1 2  

0 6  
0 6  

4 2  
9 4  

9 2  
13 5 

2 4  
5 0  

1 7  
4 4  

4 1  
3 2  

0 2  
0 3  

18 1 
32 9 

29 9 
39 1 

22 9 
8 5  

18 8 
32 9 

0 601 

0 306 
0 327 

0 378 
0 422 

0 398 
0 401 

2 000 
0 600 

0 740 
0 999 

0 471 
0 375 

0 251 
0 263 

0 314 
0 445 

0 444 
0 368 

0 285 
0 321 

2 
2 

0 180 
0 175 

0 137 
0 151 

0 254 
0 242 

0 1702 
0 1661 

1 
0 

2 
3 

2 
5 

11 
38 

1 
18 

1 
1 

8 
18 

18 
22 

7 
8 

2 
6 

5 
16 

0 2  
0 3  

36 
54 

2352 
5360 

166 
81 

37 
54 

0.604 

0.317 
0.364 

0.437 
0.511 

0.460 
0.448 

2.000 
0.622 

0.740 
0.999 

0.502 
0.384 

0.261 
0.269 

0.452 
0.457 

0.460 
0.379 

0.303 
0.645 

2 
2 

0.195 
0 185 

0.197 
0 219 

0.263 
0.315 

0.1707 
0.1787 



Table 3. Maximum likelihood estimates of line-transect parameters for species groups and 
associated strata from 1991 surveys and from 1991 and 1993 surveys pooled. Effective search 
widths (ESW) are the inverse offlo). Coefficients of variation are the same for both and are based 
on analytical estimates of the standard error of f(0) using the information matrix approach. 

Main Stratum 1991 Data 1991+1993 Data 
Su b-strata f(0) ESW C.V. f(0) ESW C.V. 

/km km f10) /km km f(0) 

Small Delphinids (2.0 nmi Truncation) 
Group size 1-20 1.258 0.79 0.249 1.724 0.58 0.255 
Group size 21 -1 00 0.944 1.06 0.336 0.905 1.10 0.240 
Group size 101+ 0.283 3.54 0.193 0.528 1.89 0.239 

Large Delphinids (2.0 nmi Truncation) 
Group size 1-20 0.594 1.98 0.306 0.912 1.10 0.395 
Group size 21 + 0.352 2.84 N.A. 0.383 2.61 0.232 

Cryptic Species (2.0 nmi Truncation) 
Calm seas 1.574 0.64 0.199 1.568 0.64 0.200 

Small Whales (2.0 nmi Truncation) 
Calm seas 0.614 1.63 0.488 0.369 2.71 C.160 

Large Whales (3.0 nmi Truncation) 
Group size 1-3 0.696 1.44 0.278 0.437 2.29 0.300 
Group size 4+ 0.256 3.90 N.A. 0.238 4.20 0.347 
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Figure 1. Transect lines (fine lines) covered in the "California" study area (bold lines) during the 
1991 survey. 
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Figure 2. Transect lines (fine lines) covered in the “California” study area (bold lines) during the 
1993 survey. 
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